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[57] ABSTRACT

An improved electrical system for a recreational vehi-
cle or the like including a first battery for starting the
engine and the like, having a second or auxiliary battery
for providing electric current to interior lights and the
like. The improvement includes a link circuit for electri-
cally linking the first and second batteries and a supple-
mental electric current source such as an independently
powered generator or an electric utility current source,
and control structure for allowing electric current to
flow through the link circuit from the second battery
and/or the supplemental electric current source to the
first battery and the first battery load without allowing
the flow of significant electric current from the first
battery to the second battery or the second battery load.

33 Claims, 2 Drawing Sheets
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FIG.1 (PRIOR ART)
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1
VEHICLE ELECTRICAL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to electrical
systems for vehicles of the type having a first storage
batiery associated with the engine, horn, running lights
or the like, and a second storage battery associated with
auxiliaries such as interior lighting.

2. Description of the Related Art

Motor homes, power yachts and similar vehicles
commonly use two storage batteries: a first battery (the
engine battery) associated with the engine, horn, run-
ning lights or the like, and a second battery (the auxil-
iary battery) associated with auxiliaries such as interior
hghting. While the engine i1s running, its associated
generator means maintains the charge in both batteries.
When the engine is stopped, the auxiliary battery exclu-
sively powers the interior lighting, etc., to avoid deplet-
ing the engine battery since the engine battery is essen-
tial to starting the vehicle’s engine. Vehicles at rest for
extended periods of time are commonly powered by a
separate on-board independently powered generator
means or by connection to utility electric power. When
so powered, the charge in the auxiliary battery 1s main-
tained and its load 1s powered. However, the engine
battery and its load have not heretofore been so pow-
ered and, over time, the engine battery can become to0o
depleted to start the vehicle. It 1s common practice to
provide an “emergency start switch’ in the electrical
systems of such vehicles to momentarily connect both
the engine battery and the auxiliary battery to the en-

gine starter 1n the event that the engine batter is too
depleted to start the engine. This does not, however,

remove the prime dependence placed on the engine
battery for engine starting.

To help avoid engine battery depletion, it is common
practice to use an isolator means, which may consist of
a solid state 1solator or a system of electrical relays, etc.,
to electrically 1solate the engine battery from the auxil-
1ary battery and the auxiliary battery’s load, and to
prevent electric current either from the engine battery
or from the auxiliary battery from flowing to the vehi-
cle’s engine generator means. A typical prior art electri-
cal system of such a vehicle is shown in the diagram of
F1G. 1 with the auxiliary battery identified by the letter
A; with the engine battery identified by the letter E;
with the engine generator means, isolator means, inde-
pendently powered generator means, AC/DC conver-
tor means, electric utility source, auxihary battery load
and engine battery load identified by blocks or boxes;
and with a switching means 1dentified by the letter S
providing automatic selection between the indepen-
dently powered generator means and the electrical util-
ity source.

With respect to their electrical needs, such vehicles
(1.e., motor home recreational vehicles, pleasure boats,
and similar vehicles referred to herein as “the vehicle”
or the like) commonly have five primary modes of oper-
ation:

(a) underway with the vehicle engine operating and
the 1ndependently powered electric generator
means either stopped or unavailable,

(b) underway with the vehicle engine operating and
the independently powered electric generator
means operating,
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(c) at rest or under sail with the vehicle engine
stopped, and the independently powered electric
generator means either stopped or unavatilable and
no connection to an electric utility service,

(d) parked, berthed or anchored with the vehicle
engine stopped and the independently powered
electrical generator means operating, or

(e) parked, berthed or anchored with the vehicle
engine stopped and a connection between the vehi-
cle and an electrical utility service.

With the vehicle engine operating, 1.e., in modes (a)
or (b), the electric generator driven by the vehicle en-
gine is commonly used to provide direct electric cur-
rent to supply both the engine battery load and the
auxiliary battery load, and to charge both the engine
battery and the auxihary battery.

When a connection has been established between the
vehicle and electric utility service, 1.e., in mode (e), the
vehicle may be said to be utility powered and will be s
defined in the following disclosure. An AC/DC con-
vertor means is commonly used while the vehicle is
utility powered to convert utility electric service to
suitable direct electric current to supply the auxiliary
battery load, and to recharge the auxiliary battery.

When an independently powered electric generator is
1n operation, i.e., in modes (b) or (d), the vehicle may be
said to be generator powered and will so defined in the
following disclosure. While the vehicle 1s generator
powered, the generator means may provide direct cur-
rent to supply the auxihary battery load, and to re-
charge the auxiliary battery. Alternatively, the genera-
tor means may provide alternating current to power the
same convertor means as i1s used when the vehicle is
utility powered and thus supply the auxiliary battery
load and recharge the auxiliary battery. Such generator
means often provides both direct current and alternat-
ing current simultaneously, but this does not alter their
function with respect to supplying the auxiliary battery
load and recharging the auxihary battery.

When the vehicle engine is stopped, electrical utility
service is unavailable, and an independently powered
electric generator means is stopped or unavailable, 1.e.,
in mode (c), the vehicle may be said to be battery pow-
ered, commonly by means of rechargeable storage bat-
teries, and will be so defined in the following disclosure.
Under this condition, and any other condition in which
only direct current electric power 1s available, a device
known as an invertor may be used to convert direct
current to alternating current, but this does not consti-
tute an additional operating mode, simply a variation on
modes (a) and (c) and possibly (b) and (d), depending on
the type of independently powered generator avatlable.
When battery powered, the only sources of electrical
energy are the engine battery and the auxiiiary battery.
To assure sufficient electric energy to restart the vehicle
engine, it 1s essential that the engine battery not be de-
pleted during battery powered operation and it 1s com-
mon practice to incorporate an isolator means in the
electrical system to, inter alia, electrically isolate the
engine battery from the auxiliary battery and the auxil-
1ary battery load.

Both when utility powered and generator powered,
the isolator means prevents either the electric utility
service or the independently powered generator means
from recharging the engine battery and from supplying
the engine battery load. Thus, the engine battery charge
may become too depleted over time to start the vehi-
cle’s engine because it is not receiving a charging cur-
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rent and also because it continues to supply any engine
battery load.

To avoid engine battery depletion when the vehicle 1s
idle for an extended period of time, owners commonly
run the vehicle engine periodically for short periods of 5
time to keep the engine battery charged. This practice
requires owner attention, increases fuel costs, and may
shorten the vehicle engine’s life. Alternatively, owners
may periodically or continuously connect a battery
charger to the engine battery to restore or maintain its 10
charge. Unless the battery charger is specifically de-
signed for continuous charging, this practice could
~ result in battery overcharge and failure. Convertors of
the type described previously are commonly designed
to be continually connected to rechargeable batteries 15
and are not likely to overcharge them.

A preliminary patentability search conducted in class
307, subclasses 10.7 and 16, and class 320, subclass 15
produced the following patents:

Gebhard U.S. Pat. No. 2,866,907, issued Dec. 30, 20
1958, discloses the use of a “reserve” battery whose
function is to provide backup power to the engine start-
ing battery. In this patent, the only source of energy for
charging the reserve battery is the engine generator. It
provides for the reserve battery to be charged only 25
during the interval between the time the engine starts
and the time the engine reaches operating temperature.
Neither the engine starting battery nor the reserve bat-
tery 1s charged when the vehicle is idle. In this patent,
the reserve battery is cut in or out of the charging cir- 30
cuit by use of : (a) a vacuum operated switch mounted
on the intake manifold, (b) a thermostatically operated
switch mounted on the exhaust system, and (c) a manu-
ally operated switch. The manually operated switch 1s
described as being of the type which will bridge the 35
contacts from the two batteries when it is operated.
When the contacts are so bridged, the two batteries are
connected directly together and current may flow
freely from the engine starting battery to the reserve
battery. 40

Folimer U.S. Pat. No. 4,044,293, issued Aug. 23,
1977, describes the use of a *“‘second starting battery”
whose purpose is to provide, in conjunction with_the
normal engine starting battery, twice the normal volt-
age to the engine’s starter. In this patent, the only 45
source of energy for charging the second starting bat-
tery 1s the engine generator. In this patent, the second
starting battery is always used when the vehicle is
started, not just when extra power is needed. |

Ghibaudo et al. U.S. Pat. No. 4,264,855, issued Apr. 50
28, 1981, describes an electrical system for recreational
vehicles having one main or engine battery, one auxil-
1ary battery, one engine generator, a main or engine
battery load, an auxiliary battery load, and a supply
device or convertor to supply power when the engine is 55
stopped. Three operating stages are disclosed: vehicle
running, vehicle stopped and convertor in operation,
and vehicle stopped and convertor not in operation.
While the vehicle is running, both engine battery and
auxiliary battery loads are directly connected to each 60
other and to the engine generator. The engine generator
is also connected to one of the two batteries, the choice
being made by the vehicle operator via a manual switch.
Two ammeters are described to assist the operator in
making this choice. While the vehicle is stopped and the 65
convertor 1s connected, the two loads and both batteries
are powered by the convertor. While the vehicle is
stopped and the convertor is not connected, the engine
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generator load 1s connected either to the engine battery
or the auxiliary battery (depending on the switch posi-
tion selected by the operator), and the auxiliary battery
load 1s connected only to the auxiliary battery.

Iwaki et al. U.S. Pat. No. 4,564,799, issued Jan. 14,
1986, provides a second battery whose sole purpose is to
power the vehicle’s ignition system. Since this second
battery 1s independent of the engine battery, its output
voltage does not drop when the engine is being started.
The claimed purpose of this invention is improving the
operation of the ignition system during engine starts
particularly when the engine battery is not fully
charged and during cold weather, either of which con-
ditions result in lower-than-normal engine battery volt-
age. This patent does not provide means for maintaining
a charge in the engine battery during periods when the
vehicle 1s 1dle. This patent describes several means for
charging the second battery: solar cell, thermoelectric
transducer, thermionic generator, or a piezoelectric
transducer.

Farber et al. U.S. Pat. No. 4,757,249, issued Jul. 12,
1988, describes a dual battery and dual engine generator
system wherein each battery is charged only by its
assoctated engine generator. To provide extra power to
the engine starter, both batteries are always connected
in parallel when starting the engine. Otherwise, each
battery powers its own load, and shares in supplying

- “critical loads.” Enhanced capability for engine starting

1s provided by redundancy in both generators and bat-
teries.

Nothing in the above patents or prior art discloses or
suggests the present invention. More specifically, noth-
ing in the above patents or prior art discloses or sug-
gests an improved vehicle electrical system for use in a
vehicle having an engine and including a rechargeable
engine battery, an engine battery load, a rechargeable
auxiliary battery, an auxiliary battery load, an engine
generator means powered by the engine for generating
electric current, and a supplemental electric current
source capable of providing electric current to the aux-
ihary battery and to the auxiliary battery load, wherein
the improvement comprises link circuit means for elec-
trically linking the engine battery, the auxiliary battery,
and the supplemental electric current source; and con-
trol means for allowing electric current to flow through
the link circuit means from the auxiliary battery and/or
the supplemental electric current source to the engine
battery and the engine battery load without allowing
the flow of significant electric current from the engine

battery to the auxiliary battery or the auxiliary battery
load.

SUMMARY OF THE INVENTION

The present invention provides an improved vehicle
electrical system specifically designed to provide charg-
ing current to the engine battery whenever the vehicle
i1s powered by a supplemental electric current source
such as, e.g., an on-board generator means or utility
electric power. The concept of the present invention is
to provide means for connecting the engine battery, the
auxiliary battery, and the supplemental electric current
source, and for permitting controlled current flow to
the engine battery from the supplemental electric cur-
rent source. ' |

The improved vehicle electrical system of the present
invention is for use in a vehicle having an engine and
including a rechargeable engine battery, an engine bat-

tery load, a rechargeable auxiliary battery, an auxiliary
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battery load, an engine generator means powered by the
engine for generating electric current, and a supplemen-
tal electric current source capable of providing electric
current to the auxiliary battery and to the auxiliary
battery load. The improvement of the present invention
includes link circuit means for electrically linking the

engme battery, the auxihary battery, and the supple-
mental electric current source; and control means for
allowing electric current to flow through the link cir-
cuit means from the auxiliary battery and/or the supple-
mental electric current source to the engine battery and
the engine battery load without allowing the flow of
significant electric current from the engine battery to
the auxiliary battery or the auxiliary battery load.

A primary object of the present invention is to pro-
vide an enhanced vehicle electrical system which over-
comes an important deficiency of commonly used elec-
trical systems for recreation vehicles and the like of
preventing the engine battery charge from being main-
tained while generator or utility powered, by supplying
direct electric current to the engine battery to prevent it
from becoming discharged, both while generator pow-
ered and while utility powered.

Another object of the present invention is to prevent
the engine battery of motor homes and the like from
becoming too depleted to start the engine after the
vehicle has been at rest for an extended period by pro-
viding a means to provide charging current to the en-
gine battery whenever the vehicle is powered by an
independently powered generator means or by connec-
tion to utility electric power.

Another object of the present invention 1s to provide
an additional circuit link for connection between the
engine battery and the auxiliary battery to permit con-

trolied current flow to the engine battery, but not from
the engine battery.

Since the life of commonly used rechargeable batter-
ies 1s shortened by repeated discharge/charging cycles,
and since the engine battery is depended upon to start
the vehicle engine, another object of the present inven-
tion 1s to provide means to continuously maintain the
engine battery in a charged state without risk of over-
charging and without attention from the vehicle owner
OT Operator.

Another object of the present invention is to provide
an enhanced vehicle electrical system which allows the
auxiliary battery to supplement the engine battery while
battery powered to reduce the risk of the engine battery
becoming too depleted to start the vehicle engine.

Another object of the present invention is to provide
such enhanced features while retaining al essential fea-
tures of the commonly used vehicle electrical system.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 1s a diagram of a typical prior art electrical
system of a vehicle having a first or engine storage
battery and a second or auxiliary storage battery.

FIG. 2 is a diagram of the improved vehicle electrical
system of the present invention.

FIG. 3 is a schematic diagram of a first embodiment
of the circuit link means of the improved vehicle electri-
cal system of the present invention.

FIG. 4 1s a schematic diagram of a second embodi-
ment of the circuit link means of the improved vehicle
electrical system of the present invention.

FI1G. § is a schematic diagram of a third embodiment
of the circuit link means of the improved vehicle electri-
cal system of the present invention.
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FIG. 6 1s a schematic diagram of a fourth embodi-
ment of the circuit link means of the improved vehicle
electrical system of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The improved vehicle electrical system of the present
invention 1s shown diagrammatically in FIG. 2 and is
identified by the numeral 11. The improved vehicle
electrical system 11 1s for use in combination with a
vehicle 13 such as a motor home recreational vehicle,
pleasure boat, and the like shown diagrammatically in
FIG. 2. Such a vehicle 13 commonly employs two re-
chargeable batteries or groups of batteries. One battery
or group of batteries i1s used for starting the engine,
powering the vehicle’s running lights, instruments, ra-
dio, horn, etc. The other battery or group of batteries is
used for interior hghts and for other general purposes
when the vehicle 1s battery powered. During this dis-
closure, the former will be referred to as the “engine
battery” and the latter will be referred to as the *“‘auxil-
1ary battery.” Thus, as shown in FIG. 2, the vehicle 13
has a vehicle engine or motor 15 such as a typical inter-
nal combustion gasoline engine or the like, a recharge-
able, direct current first or engine battery 17 for provid-
ing direct electric current to an engine battery load 19
such as the starter for the vehicle engine 15, horns,
running lights, etc.(i.e., the devices dependent on the
engine battery 17 are referred to in this disclosure as the
engine battery load 19,) a rechargeable, direct current
second or auxihiary battery 21 for providing direct elec-
tric current to an auxiliary battery load 23 such as cer-
tain auxiliary components of the vehicle including the
interior lights, etc. (i.e., the devices dependent on the
auxiliary battery 21 are referred to in this disclosure as
the auxiliary battery load 23). It should be understood
that each battery 17, 21 may be embodied by one bat-
tery or by two or more batteries electrically intercon-
nected to perform the function of a single battery. The
engine battery 17 and the auxiliary battery 21 have the
same nominal voltage rating and are commonly, but not
necessarily of the same type, e.g., lead acid. The vehicle
13 also includes an engine generator means 25 powered
by the vehicle engine by way of belts, shafts, or the like
for generating direct current electrical energy as will
now be apparent to those skilled in the art for providing

-direct electric current to the engine battery 17 and the

auxiliary battery 21 when the vehicle engine 18 is run-
ning, i.e., for recharging the engine battery 17 and the
auxiliary battery 21 when the vehicle engine 15 is run-
ning as will now be apparent to those skilled in the art.
The engine generator means 28 may consist of any typi-
cal generator or alternator of any construction and
operation well known to those skilled in the art. The
vehicle 13 also includes a supplemental electric current
source capable of providing electric current to the aux-
iliary battery 21 and the auxiliary battery load 23 when
the vehicle engine 15 is not running, i.e., for recharging
the auxiliary battery 21 and powering the auxiliary
battery load 23 when the vehicle engine 15 is not run-
ning as will now be apparent to those skilled in the art.
The supplemental electric current source preferably
includes an independently powered generator means 27
of any construction and operation well known to those
skilled 1n the art. The supplemental electric current
source preferably includes an alternating electric cur-
rent to direct electric current (AC/DC) convertor
means 29 for being connected to an electric utility alter-
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nating current source 31 (e.g., a typical 110 volt duplex
outlet, a 30 amp. or 50 amp. single, non-duplex outlet, or
the like) of any construction and operation well known
to those skilled 1n the art. The supplemental electric
current source preferably includes a switching means 33
for providing automatic selection between the indepen-
dently powered generator means 27 and the AC/DC
convertor means 29 as will now be apparent to those
skilled in the art. To help avoid depletion of the engine
battery 17, it is common practice to include an isolator
means 35 for electrically 1solating the engine battery 17
from the auxiliary battery 21 and the auxiliary battery
load 23, and for preventing electric current either from
the engine battery 17 or from the auxiliary battery 21
from flowing to the engine generator means 25. Such an
isolator means 38 typically consists of a solid state elec-
tronic device or a system of electrical relays of various
specific constructions and operations as will now be
apparent to those skilled in the art.

The preferred embodiment of the improvement of the
present invention consists, in general, of an electric link
or connection between the ungrounded terminal of the
engine battery 17 and the ungrounded terminal of the
auxiliary battery 21. More specifically, the improve-
ment of the present invention includes link circuit
means 37 for electrically hnking the engine battery 17,
the auxiliary battery 21, and the supplemental electric
current source, and control means 39 for allowing elec-
tric current to flow through the link circuit means 37
from the auxiliary battery 21 and/or the supplemental
electric current source to the engine battery 17 and the
engine battery load 19 without allowing the flow of
significant electric current from the engine battery 17 to
the auxiliary battery 21 or the auxiliary battery load 23.

The link circuit means 37 may include a first electric
conductor 41 extending between the engine battery 17
and the control means 39, and a second electric conduc-
tor 43 extending between the auxihiary battery 21 and
the control means 39 as clearly shown in FIG. 2.

The control means 39 preferably allows electric cur-
rent to flow through the link circuit means 37 from the
auxiliary battery 21 and/or the supplemental electric
current source to the engine battery 17 and the engine
battery load 19 only if the electric potential differences
across the auxiliary battery 21 (i.e., across the terminals

of the auxiliary battery 21) and/or across the supple-

mental electric current source exceeds, by a small pre-
determined minimum value, the electric potential differ-
ence across the engine battery 17 (i.e., across the termi-
nals of the engine battery 17). The control means 39
preferably allows electric current up to a predetermined
maximum value to flow through the link circuit means
37 from the auxiliary battery 21 and/or the supplemen-
tal electric current source to the engine battery 17 and
the engine battery load 19. The control means 39 prefer-
ably includes relay means for allowing electric current
to flow through the link circuit means 37 from the auxil-
iary battery 21 and/or the supplemental electric current
source to the engine battery 17 and the engine battery
load 19 if, and only if, the engine 15 is stopped and the
supplemental electric current source is coupled to the
auxiliary battery 21.

A first embodiment of the control means 39 is shown
schematically in FIG. 3 and includes a semiconductor
diode means 45 and a current limiting resistor means 47
in series with the semiconductor diode means 45 for
allowing electric current to flow through the link cir-
cuit means 37 from the auxiliary battery 21 and/or the
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supplemental electric current source to the engine bat-
tery 17 and the engine battery load 19 if, and only if, the
electric potential difference across the auxiliary battery
21 and/or across the supplemental electric current
source exceeds the electrical cutin potential of the diode
means 45 added to the electric potential difference
across the engine battery 17 as will now be apparent to
those skilled in the art.

A second embodiment of the control means 39 is
shown schematically in FIG. 4 and includes a semicon-
ductor diode means 49 for allowing electric current to
flow through the link circuit means 37 from the auxil-
iary battery 21 and/or the supplemental electric current
source to the engine battery 17 and the engine battery
load 19 if, and only if, the electric potential difference
across the supplemental electric current source exceeds
the electrical cutin potential of the diode means 49
added to the electric potential difference across the
engine battery 17. The second embodiment of the con-
trol means 39 also preferably includes a current limiting
fuse means 51, circuit breaker or similar device in series
with the semiconductor diode means 49 for allowing
electric current to flow through the link circuit means
37 from the auxiliary battery 21 and/or the supplemen-
tal electric current source to the engine battery 17 and
the engine battery load 19 if, and only if, the electric
potential difference across the auxiliary battery 21 and-
/or across the supplemental electric current source
exceeds the electrical cutin potential of the diode means
49 added to the electric potential difference across the
engine battery 17. The second embodiment of the con-
trol means 39 also preferably includes a current limiting
resistor means 83 in series with the semiconductor diode
means 49 and with the current limiting fuse means 51, if
present, in series with the current limiting resistor
means 33 for allowing electric current to flow through
the link circuit means 37 from the auxiliary battery 21
and/or the supplemental electric current source to the
engine battery 17 and the engine battery load 19 if, and
only if, the electric potential difference across the auxil-
iary battery 21 and/or across the supplemental electric
current source exceeds the electrical cutin potential of
the diode means 49 added to the electric potential differ-
ence across the engine battery 17 as will now be appar-
ent to those skilled in the art.

A third embodiment of the control means 39 is shown
schematically in FIG. §. In this embodiment, the nega-
tive terminal of the engine battery 17 is connected to
ground and the negative terminal of the auxiliary bat-
tery 21 1s connected to ground as shown in FIG. 2. The
third embodiment of the control means 39 includes a
bipolar NPN transistor means 55 having a collector
terminal 57 for being connected to the positive terminal
of the auxiliary battery 21, having a base terminal 59,
and having an emitter terminal 61 for being connected
to the positive terminal of the engine battery 17; in-
cludes a resistor means 63 for being connected between
the collector terminal §7 of the transistor means 85 and
the base terminal 89 of the transistor means 55; and
includes diode means 65 having anode means 67 for
being connected to the base terminal 59 of the transistor
means 35 and having cathode mean 69 for being con-
nected to the emitter terminal 61 of the transistor means
5§ for allowing electric current to flow through the link
circuit means 37 from the auxiliary battery 21 and/or
the supplemental electric current source to the engine
battery 17 and the engine battery load 19 if, and only if,
the electric potential difference across the auxiliary
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battery 21 and/or across the supplemental electric cur-
rent source exceeds the electrical potential across the
engine battery 17 by an amount sufficient to cause
enough current to flow through resistor means 63 to
base terminal 59 to result in current flow from collector
terminal §7 to emitter terminal 61 of transistor means 55.

If the positive, rather than the negative terminals of the

auxihary battery 21 and the engine battery 17 are -

grounded, the collector terminal 57 of the transistor
means 35 should be connected to the engine battery 17,
and the emitter terminal 61 of the transistor means 55
should be connected to the auxiliary battery 21 with the
other elements remaining the same. A PNP transistor
may be used in lieu of the NPN transistor means 55 by
connecting the emitter terminal of the PNP transistor to
the auxiliary battery 21, connecting the collector termi-
nal of the PNP transistor to the engine battery 17, by
connecting the anode terminal 67 of diode means 65 to
the emitter of the PNP transistor means, connecting the
cathode terminal 69 of diode means 65 to the base of the
PINP transistor, and connecting resistor means 63 be-
tween the base of the PNP transistor mean and the
collector terminal of the PNP transistor means. Further,
a field effect transistor can be used in lieu of the transis-
tor means 35 provided that n-channel types are used in
lieu of NPN transistors, p-channel types are used in lieu
of PNP transistors, drain terminals are used in lieu of
collector terminals, source terminals are used in lieu of
emitter terminals, and gate terminals are used in lieu of
base terminals.

A fourth embodiment of the control means 39 is
shown schematically in FIG. 6. In this embodiment, the
negative terminal of the engine battery 17 is connected
to ground and the negative terminal of the auxiliary
battery 21 is connected to ground as shown in FIG. 2.
The fourth embodiment of the control means 39 in-
cludes a bipolar NPN transistor means 71 having a
collector terminal 73 for being connected to the positive
terminal of the auxiliary battery 21, having a base termi-
nal 75, and having an emitter terminal 77 for being
connected to the positive terminal of the engine battery
17; includes a depletion mode field effect n-channel
transistor means 79 having a drain terminal 81 for being
connected to the collector terminal 73 of the transistor
means 71, having a gate terminal 83, and having a
source terminal 85 for being connected to the base ter-
minal 78 of the transistor means 71; includes resistor
means 86 for being connected between the drain termi-
nal 81 and the gate terminal 83 of the transistor means
79; includes diode means 87 having anode means 89 for
bemng connected to the gate terminal 83 of the field
efiect transistor means 79 and having cathode means 91
for being connected to the emitter terminal 77 of the
transistor means 71 for allowing electric current to flow
through the link circuit means 37 from the auxiliary
battery 21 and/or the supplemental electric current
source to the engine battery 17 and the engine battery
load 19 if, and only if, the electric potential difference
across the auxiliary battery 21 and/or across the supple-
mental electric current source exceeds the electrical
potential across the engine battery 17 by an amount
sufficient to cause enough current to flow from collec-
tor terminal 81 to source terminal 85 of transistor means
79 to base terminal 75 of transistor means 71 to result in
current flow between the collector terminal 73 of the
transistor means 71 and the emitter terminal 77 of the
transistor means 71. If the positive, rather than the nega-
tive terminals of the auxiliary battery 21 and the engine
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battery 17 are grounded, the collector terminal 73 of the
transistor means 71 should be connected to the engine
battery 17, and the emitter terminal 77 of the transistor
means 71 should be connected to the auxiliary battery
21 with the other elements remaining the same. A PNP
transistor may be used in lieu of the NPN transistor
means 71 by connecting the emitter terminal of the PNP
transistor to the auxiliary battery 21, connecting the
collector terminal of the PNP transistor to the engine
battery 17, by replacing the n-channel field effect tran-
sistor means 79 with a p-channel field effect transistor
means, by connecting the drain terminal of the p-chan-
nel transistor means to the collector terminal of the
PNP transistor means, by connecting the source termi-
nal of the p-channel field effect transistor means to the
base terminal of the PNP transistor means, by connect-
ing the anode terminal 89 of diode means 87 to the
emitter terminal of the PNP transistor means, by con-
necting the cathode terminal 91 of diode means 87 to the
gate terminal of the p-channel field effect transistor
means 79, and by connecting resistor means 86 between
the collector terminal of the PNP transistor means and
the gate terminal of the p-channel field effect transistor
means.

In the previous description of embodiments three and
four illustrated by FIG. § (FIG. 6), resistor means 63
(86) and diode means 65 (87), are used in conjunction
with transistor means 55 (79, 71), to determine the rela-
tionship between the electric potential difference be-
tween terminals 57, 61 (73, 77), and the current flowing
between these terminals, thus providing the necessary
control means 39 by determining the voltage/current
characteristics of link 37. By increasing the value of
resistor means 63 (86), the current through link 37 may
be reduced for a given electric potential difference be-
tween auxiliary battery 21 and engine battery 17. By
varying the number and type of diodes comprising
diode means 65 (87), in conjunction with changing the
value of resistor means 63 (86), the relationship between
the current through link 37 and the electric potential
difference between the auxiliary battery 21 and the
engine battery 17, i.e., the electric potential difference
across the link 37, may be controlled over a broad range

thereby providing the necessary control means 39.

The use and operation of the present invention is
quite simple. The link circuit means 37 and control
means 39 may be incorporated 1n the electrical system
11 as a separate device added to existing vehicles, may
be mcorporated as an integral part of a new vehicle
electric system during original manufacture, or may be
incorporated in another component (e.g., the isolator
means 35) in the form of an enhanced solid state isolator
which in turn may be either incorporated as a integral
part of a new vehicle electric system during original
manufacture or used to replace the original component
in an existing vehicle, etc. Once the vehicle electrical
system 11 has been enhanced by installing the link cir-
cuit means 37 and the control means 39, the present
invention will prevent significant direct electric current
flow through the link circuit means 37 from the engine
battery 17 to the auxiliary battery 21 under any and all
operating conditions, while allowing the flow of elec-
tric current through the link circuit means 37 from the
auxiliary battery 21 to the engine battery 17 while the
vehicle 13 is generator powered or utility powered, and
optionally, when battery powered. Thus, when the
switching means 33 closes the circuit to the generator
means 27, the present invention allows, while the vehi-
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cle 13 is parked, berthed or anchored with the vehicle
engine 13 stopped and the independently powered elec-
trical generator means 25 operating, the independently
powered generator means 25, which 1s customarily
connected to the ungrounded terminal of the auxiliary
battery 21, to supply direct electric current through the
new link or connection to the engine battery 17 while
preventing significant electric current from flowing
from the engine battery 17 through the link circuit mean
37 to the auxiliary battery 21 or the auxiliary battery
load 23. Likewise, when the switching means 33 closes
the circuit to the convertor means 29 and the utility
source 31, the present invention allows, while the vehi-
cle 13 is parked, berthed, or anchored with the vehicle
engine 15 stopped and a connection between the vehicle
15 and the electrical utility service 31, the convertor
means 29, which is customarily connected to the un-
grounded terminal of the auxiliary battery 21, to supply
direct electric current through the link circuit means 37

to the engine battery 17 while preventing significant .

electric current from flowing from the engine battery
17 through the new link or connection to the auxiliary
battery 21 or the auxiliary battery load 23. Optionally,
the present invention allows the auxiliary battery 21 to
supply electric current through the link circuit means
37 to the engine battery 17 while preventing significant
electric current from flowing from the engine battery
17 through the link circuit means 37 to the auxiliary
battery 21 or the auxiliary battery load 23 when the
vehicle 13 is at rest or under sail with the vehicle engine
15 stopped, and the generator means 27 either stopped
or unavailable and n connection to the electric utility
source 31 (i.e., when the vehicle 13 1s battery powered).

The present invention also optionally provides an
electrical offset potential which must be exceeded be-
fore significant electric current may flow through the
link circuit means 37 to the engine battery 17. This
feature prevents overload of either the link circuit
means 37 and control means 39, the independently pow-
ered generator means 27 when the vehicle 13 is genera-
tor powered, or the convertor means 29 when the vehi-
cle 13 is utility powered, by reducing the level of elec-
tric current from those sources to the engine battery
load 19 as well as to the engine battery 17 itself, while
still allowing sufficient charging current to flow from
those sources to maintain the engine battery 19 in a near
fully charged state. It should be noted that when the
vehicle engine 15 is being started, the current drawn by
the electric engine starter is quite high and can cause
excessive current to flow through the link circuit means
37 and control means 39 from the independently pow-
ered generator means 27 or the convertor means 29 and
could result in damage to the link circuit means 37,
control means 39, independently powered generator
means 27, and/or convertor means 29, and/or blown
fuses or tripped circuit breakers. The offset also serves
as an additional safeguard against overcharging the
engine battery 17 while operating in these modes. A
further advantage of this electrical offset potential is
that it helps restrict the flow of excessive electric cur-
rent through the link circuit means 37 and control
means 39 from the auxiliary battery 21 to the engine

battery 17 and the engine battery load 19 while the

vehicle 13 is battery powered, and while still allowing
sufficient charging current to flow from the auxiliary
battery 21 to maintain the engine battery 17 in a charged
state.
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The present invention also optionally provides a
means to limit the current flow through the link circuit
mean 37 during conditions when the engine battery load
19 is high, for example, when starting the vehicle engine
15, or turning on the headlights of the vehicle 13 when
the vehicle engine 15 is not running. Accidental short
circuits and a dead or missing engine battery 17 could
similarly result in excessive current through the link
circuit means 37 unless means are provided to limit such
current. Such limiting also avoids overload of either the
independently powered generator means 27 or the con-
vertor means 29 and avoids excessive temperature build
up in the link circuit means 37 and control means 39.
However, the control means 39 may be designed to
provide adequate electric current to flow through the
link circuit means 37 to supplement the electric current
flow from the engine battery 17 and provide additional
energy for the vehicle engine starter and for any other
engine battery load 19. This current limiting may be
provided by the use of a suitable fuse or circuit breaker,
or it may be provided by the use of a suitable power
transistor in combination with circuit elements arranged
in such a way as to limit the current to a predetermined
level, even in the extreme case of a zero resistance load.

Although the present invention has been described
and illustrated with respect to a preferred embodiment
and a preferred use therefor, it is not to be so limited
since modifications and changes can be made therein

which are within the full intended scope of the inven-
tion.

I claim:

1. An improved vehicle electrical system for use in a
vehicle having an engine and including a rechargeable
engine battery, an engine battery load, a rechargeabie
auxiliary battery, an auxiliary battery load, an engine
generator means powered by said engine for generating
an electric current, and a supplementali electric current
source capable of providing electric current to said
auxiliary battery and to the auxthary battery load,
wherein the improvement comprises:

a) link circuit means for electrically linking said en-

. gine battery, said auxiliary battery, and said supple-

mental electric current source; and

b) control means for allowing electric current to flow

through said link circuit means from said auxiliary
battery and/or said supplemental electric current
source to said engine battery and said engine bat-
tery load without allowing the flow of significant
electric current from said engine battery to said
auxiliary battery or said auxiliary battery load.

2. The improvement of claim in which said supple-
mental electric current source includes an indepen-
dently powered generator means. .

3. The improvement of claim 1 in which said supple-
mental electric current source includes an alternating
current to direct current convertor for being connected
to an electric utility alternating current source.

4. The improvement of claim, 2 in which said supple-
mental electric current source includes an alternating
current to direct current convertor for being connected
to an electric utility alternating current source.

5. The improvement of claim 1 in which said electri-
cal system includes isolator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
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from said auxiliary battery and said auxiliary battery
load; and 1in which said control means allows electric
current to flow through said link circuit means from
said auxiliary battery and/or said supplemental electric
current source to said engine battery and said engine
battery load only if the electric potential difference
across said auxiliary battery terminals and/or across
said supplemental electric current source exceeds, by a
smali predetermined minimum value, the electric poten-
t1al difference across said engine battery terminals.

6. The improvement of claim 1 in which said electri-
cal system includes isolator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxiliary battery
load; and in which said control means allows electric
current up to a predetermined maximum value to flow
through said link circuit means from said auxiliary bat-
tery and/or said supplemental electric current source to
said engine battery and said engine battery load.

7. The improvement of claim 1 in which said electri-
cal system includes isolator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxiliary battery
load; and 1n which said control means includes relay
means for allowing electric current to flow through said
link circuit means from said auxihary battery and/or
sald supplemental electric current source to said engine
battery and said engine battery load only 1f said engine
1s stopped and said supplemental electric current source
is coupled to said auxiliary battery.

8. The improvement of claim 1 in which said electri-
cal system includes isolator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxiliary battery
load; and in which said control means includes semicon-
ductor diode means for allowing electric current to
flow through said link circuit means from said auxiliary
battery and/or said supplemental electric current
soirce to said engine battery and said engine battery
load only if the electric potential difference across said
supplemental electric current source exceeds .the elec-
trical cutin potential of said diode means added to the
electric potential difference across said engine battery.

9. The improvement of claim in which said electrical
system includes isolator means for permitting electric
current flow from said engine generator means to said
engine battery and to said auxiliary battery while pre-
venting electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxihiary battery
load:; and in which said control means includes semicon-
ductor diode means and current limiting fuse means in
series with said semiconductor diode means for allow-
ing electric current to flow through said link circuit
means from said auxiliary battery and/or said supple-
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mental electric current source to said engine battery and
sald engine battery load only if the electric potential
difference across said auxiliary battery and/or across
said supplemental electric current source exceeds the
electrical cutin potential of said diode means added to
the electric potential difference across said engine bat-
tery.

10. The improvement of claim 1 in which said electri-
cal system includes 1solator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxihary battery
load: and in which said control means includes semicon-
ductor diode means and current limiting resistor means
in series with said semiconductor diode means for al-
lowing electric current to flow through said link circuit
means from said auxiliary battery and/or said supple-
mental electric current source to said engine battery and
said engine battery load only if the electric potential
difference across sald auxiliary battery and/or across
said supplemental electric current source exceeds the
electrical cutin potential of said diode means added to
the electric potential difference across said engine bat-
tery.

11. The improvement of claim 1 in which said electri-
cal system includes isolator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically 1solating said engine battery
from said auxiliary battery and said auxiliary battery
load; and in which said control means includes a current
limiting resistor means, a semiconductor diode means,
and a current limiting fuse means In series with said
current limiting resistor means for allowing electric
current to flow through said link circuit means from
said auxiliary battery and/or said supplemental electric
current source to said engine battery and said engine
battery load only if the electric potential difference
across said auxiliary battery and/or across said supple-
mental electric current source exceeds the electrical
cutin potential of said diode means added to the electric
potential difference across said engine battery.

12. The improvement of claim 1 in which said electri-
cal system includes i1solator means for permitting elec-
tric current flow from said engine generator means to
said engine battery and to said auxihary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxiliary battery
load; and 1n which said engine battery has a negative
terminal connected to ground and has a positive termi-
nal; in which said auxiliary battery has a negative termi-
nal connected to ground and has a positive terminal; in
which said control means includes a bipolar NPN tran-

sistor means having a collector terminal for being con-

nected to said positive terminal of said auxiliary battery,
having a base terminal, and having an emitter terminal
for being connected to said positive terminal of said
engine battery; in which said control means includes a
resistor means for being connected between said collec-
tor terminal of said transistor means and said base termi-
nal of said transistor means; and in which said control
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means includes diode means having anode means for
being connected to said base terminal of said transistor
means and having cathode means for being connected
to said emitter terminal of said transistor means for
allowing electric current to flow through said hnk cir-
cuit means from said auxiliary battery and/or said sup-
plemental electric current source to said engine battery
and said engine battery load only if the electric potential
difference across said auxiliary battery and/or across
said supplemental electric current source exceeds the
electrical potential across said engine battery by an
amount sufficient to cause base current to flow suffi-
ciently to result in current flow between said collector
terminal of said transistor means and said emitter termi-
nal of said transistor means.

13. The improvement of claim 1 in which said electri-
cal system includes 1solator means for permitting elec-
tric current flow from said engine generator means to
sald engine battery and to said auxiliary battery while
preventing electric current flow from either said engine
battery or said auxiliary battery to said engine generator
means and for electrically isolating said engine battery
from said auxiliary battery and said auxiliary battery
load; and in which said engine battery has a negative
terminal connected to ground and has a positive termi-
nal; in which said auxiliary battery has a negative termi-
nal connected to ground and has a positive terminal; in
which said control means includes a bipolar NPN tran-
sistor means having a collector terminal for being con-
nected to said positive terminal of said auxiliary battery,
having a base terminal, and having an emitter terminal
for being connected to said positive terminal of said
engine battery; in which said control means includes a
depletion mode field effect n-channel transistor means
having a drain terminal for being connected to said
collector terminal of said bipolar transistor means, hav-
ing a gate terminal, and having a source terminal con-
nected to said base terminal of said bipolar transistor
means; 1n which said control means includes diode
means having anode means for being connected to said
gate terminal of said field effect transistor means and
having cathode means for being connected to said emit-
ter terminal of said bipolar transistor means for allowing
electric current to flow through said link circuit means
from said auxiliary battery and/or said supplemental
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
ence across said auxiliary battery and/or across said
supplemental electric current source exceeds the elec-
trical potential across said engine battery by an amount
sufficient to cause base current to flow sufficiently to
result in current flow between said collector terminal of
said bipolar transistor means and said emitter terminal
of said bipolar transistor means.

14. An improved vehicle electrical system for usein a
vehicle having an engine and including a rechargeable
engine battery, an engine battery load, a rechargeable
auxiliary battery, an auxiliary battery load, an engine
generator means powered by said engine for generating
direct electric current, isolator means for permitting
direct electric current flow from said engine generator
means to said engine battery and to said auxiliary bat-
tery while preventing direct electric current flow from
either said engine battery or said auxiliary battery to
said engine generator means and for electrically isolat-
ing said engine battery from said auxiliary battery and
said auxiliary battery load, and a supplemental direct
electric current source including an independently
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powered generator means capable of providing direct
electric current to said auxiliary battery and to the auxil-
1ary battery load, wherein the improvement comprises:

a) link circuit means for electrically linking said en-

gine battery, said auxiliary battery, and said supple-
mental electric current source; and |

b) control means for allowing direct electric current

to flow through said link circuit means from said
auxthary battery and/or said supplemental direct
electric current source to said engine battery and
said engine battery load without allowing the flow
of significant direct electric current from said en-
gine battery to said auxtliary battery or said auxil-
1ary battery load.

15. The improvement of claim 14 in which said con-
trol means allows direct electric current to flow
through said link circuit means from said auxiliary bat-
tery and/or said supplemental direct electric current
source to said engine battery and said engine battery
load only if the electric potential differences across said
auxiliary battery terminals and/or across said supple-
mental direct electric current source exceeds, by a small
predetermined minimum value, the electric potential
difference across said engine battery terminals.

16. The improvement of claim 14 in which said con-
trol means allows direct electric current up to a prede-
termined maximum value to flow through said link
circuit means from said auxiliary battery and/or said
supplemental direct electric current source to said en-
gine battery and said engine battery load.

17. The improvement of claim 14 in which said con-
trol means includes relay means for allowing direct
electric current to flow through said link circuit means
from said auxiliary battery and/or said supplemental
direct electric current source to said engine battery and
said engine battery load only if said engine is stopped an
said supplemental direct electric current source 1s cou-
pled to said auxiliary battery.

18. The improvement of claim 14 in which said con-

40 trol means includes semiconductor diode means for

allowing direct electric current to flow through said
link circuit means from said auxiliary battery and/or
said supplemental direct electric current source to said
engine battery and said engine battery load only if the

45 electric potential difference across said supplemental

direct electric current source exceeds the electrical
cutin potential of said diode means added to the electric
potential difference across said engine battery.

19. The improvement of claim 14 in which said con-

50 trol means includes semiconductor diode means and

current imiting fuse means in series with said semicon-
ductor diode means for allowing direct electric current
to flow through said link circuit means from said auxil-
iary battery and/or said supplemental direct electric

55 current source to said engine battery and said engine

battery load only if the electric potential difference
across said auxiliary battery and/or across said supple-
mental direct electric current source exceeds the electri-

cal cutin potential of said diode means added to the

60 electric potential difference across said engine battery.

20. The improvement of claim 14 in which said con-
trol means includes semiconductor diode means and
current limiting resistor means in series with said semi-
conductor diode means for allowing direct electric

65 current to flow through said link circuit means from

said auxiliary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
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ence across said auxiliary battery and/or across said
supplemental direct electric current source exceeds the
electrical cutin potential of said diode means added to
the electric potential difference across said engine bat-
tery.

21. The improvement of claim 14 in which said con-
trol means includes a current limiting resistor means, a
semiconductor diode means, and a current limiting fuse
means In series with said current limiting resistor means
for allowing direct electric current to flow through said
Iink circuit means from said auxiliary battery and/or
said supplemental direct electric current source to said
engine battery and said engine battery load only if the
electric potential difference across said auxiliary battery
and/or across said supplemental direct electric current
source exceeds the electrical cutin potential of said
diode means added to the electric potential difference
across said engine battery.

22. The improvement of claim 14 in which said en-
gine battery has a negative terminal connected to
“ground and has a positive terminal; in which said auxil-
lary battery has a negative terminal connected to
ground and has a positive terminal; in which said con-
trol means includes a bipolar NPN transistor means
having a collector terminal for being connected to said
positive terminal of said auxiliary battery, having a base
terminal, and having an emitter terminal for being con-
nected to said positive terminal of said engine battery; in
which said control means includes a resistor means for
being connected between said collector terminal of said
transistor means and said base terminal of said transistor
means; and 1n which said control means includes diode
means having anode means for being connected to said
base terminal of said transistor means and having cath-
ode means for being connected to said emitter terminal
of said transistor means for allowing direct electric
current to flow through said link circuit means from
said auxiliary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
ence across said auxiliary battery and/or across said
supplemental direct electric current source exceeds the
eiectrical potential across said engine battery by an
amount sufficient to cause base current to flow suffi-
ciently to result in current flow between said collector
terminal of said transistor means and said emitter termi-
nal of said transistor means.

23. The improvement of claim 14 in which said en-
gine battery has a negative terminal connected to
ground and has a positive terminal; in which said auxil-
1ary battery has a negative terminal connected to
ground and has a positive terminal; in which said con-
trol means includes a bipolar NPN transistor means
having a collector terminal for being connected to said
positive terminal of said auxiliary battery, having a base
terminal, and having an emitter terminal for being con-
nected to said positive terminal of said engine battery; in
which said control means includes a depletion mode
field effect n-channel transistor means having a drain
terminal for being connected to said collector terminal
of said bipolar transistor means, having a gate terminal,
and having a source terminal connected to said base
terminal of said bipolar transistor means; in which said
control means includes diode means having anode
means for being connected to said gate terminal of said
field effect transistor means and having cathode means
for being connected to said emitter terminal of said
bipolar transistor means for allowing direct electric
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current to flow through said link circuit means from
said auxilary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
ence across said auxiliary battery and/or across said
supplemental direct electric current source exceeds the
electrical potential across said engine battery by an
amount sufficient to cause base current to flow suffi-
ciently to result 1n current flow between said collector
terminal of said bipolar transistor means and said emit-
ter terminal of said bipolar transistor means.

24. An improved vehicle electrical system for use in a
vehicle having an engine and including a rechargeable
engine battery, an engine battery load, a rechargeable
auxiliary battery, an auxiliary battery load, an engine
generator means powered by said engine for generating
direct electric current, isolator means for permitting
direct electric current flow from said engine generator
means to said engine battery and to said auxilhiary bat-
tery while preventing direct electric current flow from
either said engine battery or said auxiliary battery to
said engine generator means and for electrically isolat-
ing said engine battery from said auxiliary battery and
said auxihary battery load, and a supplemental direct
electric current source including an alternating current
to direct current convertor for being connected to an

electric utility alternating current source capable of
providing direct electric current to said auxiliary bat-
tery and to the auxihary battery load, wherein the im-
provement comprises:

a) link circuit means for electrically linking said en-
gine battery, said auxiliary battery, and said supple-
mental electric current source; and

b) control means for allowing direct electric current
to flow through said link circuit means from said
auxiliary battery and/or said supplemental direct
electric current source to said engine battery and
sald engine battery load without allowing the flow
of significant direct electric current from said en-
gine battery to said auxiliary battery or said auxil-
iary battery load.

25. The improvement of claim 24 in which said con-
trol means allows direct electric current to flow
through said link circuit means from said auxiliary bat-
tery and/or said supplemental direct electric current
source to said engine battery and said engine battery
load only if the electric potential differences across said
auxiliary battery terminals and/or across said supple-
mental direct electric current source exceeds, by a small
predetermined minimum value, the electric potential
difference across said engine battery terminals.

26. The improvement of claim 24 in which said con-
trol means allows direct electric current up to a prede-
termined maximum value to flow through said link
circuit means from said auxiliary battery and/or said
supplemental direct electric current source to said en-
gine battery and said engine battery load.

27. The improvement of claim 2 in which said control
means includes relay means for allowing direct electric
current to flow through said hnk circuit means from
satd auxiliary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if said engine is stopped and
said supplemental direct electric current source is cou-
pled to said auxiliary battery.

28. The improvement of claim 24 in which said con-
trol means includes semiconductor diode means for
allowing direct electric current to flow through said
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link circuit means from said auxiliary battery and/or
said supplemental direct electric current source to said
engine battery and said engine battery load only if the
electric potential difference across said supplemental
direct electric current source exceeds the electrical
~ cutin potential of said diode means added to the electric
potential difference across said engine battery.

29. The improvement of claim 24 in which said con-
trol means includes semiconductor diode means and
current limiting fuse means in series with said semicon-
ductor diode means for allowing direct electric current
to flow through said link circuit means from said auxil-
iary battery and/or said supplemental direct electric
current source to said engine battery and said engine
battery load only if the electric potential difference
across said auxiliary battery and/or across said supple-
mental direct electric current source exceeds the electri-
cal cutin potential of said diode means added to the
electric potential difference across said engine battery.

30. The improvement of claim 24 in which said con-
trol means includes semiconductor diode means and
current limiting resistor means in series with said semi-
conductor diode means for allowing direct electric
current to flow through said link circuit means from
said auxiliary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
ence across said auxiliary battery and/or across said
supplemental direct electric current source exceeds the
electrical cutin potential of said diode means added to
the electric potential difference across said engine bat-
tery.

31. The mmprovement of claim 24 1n which said con-
trol means includes a current limiting resistor means, a
semiconductor diode means, and a current limiting fuse
means in series with said current limiting resistor means
for allowing direct electric current to flow through said
hnk circuit means from said auxiliary battery and/or
said supplemental direct electric current source to said
engine battery and said engine battery load only if the
electric potential difference across said auxiliary battery
and/or across said supplemental direct electric current
source exceeds the electrical cutin potential of said
diode means added to the electric potential difference
across said engine battery.

32. The improvement of claim 24 in which said en-
gine battery has a negative terminal connected to
ground and has a positive terminal; in which said auxil-
iary battery has a negative terminal connected to
ground and has a positive terminal; in which said con-
trol means includes a bipolar NPN transistor means
having a collector terminal for being connected to said
positive terminal of said auxiliary battery, having a base
terminal, and having an emitter terminal for being con-
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nected to said positive terminal of said engine battery; In
which said control means includes a resistor means for
being connected between said collector terminal of said
transistor means and said base terminal of said transistor
means; and in which said control means includes diode
means having anode means for being connected to said
base terminal of said transistor means and having cath-
ode means for being connected to said emitter terminal
of said transistor means for allowing direct electric
current to flow through said link circuit means from
said auxiliary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
ence across said auxiliary battery and/or across said
supplemental direct electric current source exceeds the
electrical potential across said engine battery by an
amount sufficient to cause base current to flow suffi-
ciently to result in current flow between said collector
terminal of said transistor means and said emitter termi-
nal of said transistor means.

33. The improvement of claim 24 in which said en-
gine battery has a negative terminal connected to
ground and has a positive terminal; in which said auxil-
lary battery has a negative terminal connected to
ground and has a positive terminal; in which said con-
trol means includes a bipolar NPN transistor means
having a collector terminal for being connected to said
positive terminal of said auxiliary battery, having a base
terminal, and having an emitter terminal for being con-
nected to said positive terminal of said engine battery; in
which said control means includes a depletion mode
field effect n-channel transistor means having a drain
terminal for being connected to said collector terminal
of said bipolar transistor means, having a gate terminal,
and having a source terminal connected to said base
terminal of said bipolar transistor means; in which said
control means includes diode means having anode
means for being connected to said gate terminal of said
field effect transistor means and having cathode means
for being connected to said emitter terminal of said
bipolar transistor means for allowing direct electric
current to flow through said link circnit means from
said auxiliary battery and/or said supplemental direct
electric current source to said engine battery and said
engine battery load only if the electric potential differ-
ence across said auxiliary battery and/or across said
supplemental direct electric current source exceeds the
electrical potential across said engine battery by an
amount sufficient to cause base current to flow suffi-
ciently to result in current flow between said collector
terminal of said bipolar transistor means and said emit-

ter terminal of said bipolar transistor means.
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